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© Zero-cross points of an ac voltage waveform (v) applied to a heat-sensitive wire (1) and an ac current 
waveform (i) flowing into the heat-sensitive wire (1) are detected by a zero voltage detection unit (3) and a zero 
current detection unit (4), and the interval between the zero-cross points of voltage and current is measured by a 
measuring unit (7). The measured interval corresponds to the phase angle (<#>) between the voltage and current 
waveforms, and the phase angle (4>) depends on the specific resistance (p) and permittivity (e) of the heat- 
sensitive wire (1). This relation is utilized for temperature measurement. The relation between the phase angle 
(<i>) and the specific resistance (p) and permittivity (e) is independent of the size of the heat-sensitive wire. 
Therefore, the temperature can be correctly measured even when the wire is made of a material which is not 
rigid enough to keep its size constant. 
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Technical Field 

The present invention relates to a temperature detector using a heat-sensitive wire as a temperature 
measuring element. 

5 

Background Art 

A heat-sensitive wire is obtained such that a thermistor made of a polymer compound is buried 
between coaxial internal and external conductors, and they are drawn to have a linear shape. In this heat- 

w sensitive wire, an impedance between the conductors is varied according to a temperature. The impedance 
is low at a high temperature, and the impedance is high at a low temperature. A temperature detector is 
formed using the above characteristics of the heat-sensitive wire. 

The impedance of the heat-sensitive wire is mainly constituted by a resistance component obtained by 
moving ions contained in a polymer compound and an electrostatic capacitance between the conductors. 

75 When the heat-sensitive wire is used as a temperature measuring element, an error occurs in a measure- 
ment value due to localization of ions or charge accumulation in a capacitor, and the degradation of the 
heat-sensitive wire is accelerated. For this reason, an ac voltage having symmetrical positive and negative 
components must be applied to the heat-sensitive wire, and a commercial power source having a sine wave 
is usually used to measure the impedance. Therefore, an impedance Z of the heat-sensitive wire can be 

20 represented by a vector. When the above arrangement is regarded as a series equivalent circuit, assuming 
that the angular velocity of a power source frequency is represented by a>; a resistance component, R; and 
an electrostatic capacitance, C, the impedance Z can be represented by the following equation: 



Z = R + 1 

JCOC 

In this equation, R and C of the right-hand side are changed in accordance with a temperature. As a result, 

30 Z of the left-hand side has a value corresponding to the temperature. 

Although the heat-sensitive wire has also an inductance component as a matter of course, when the 
heat-sensitive wire has a practical length (several meters to several tens of meters), the magnitude of the 
inductance component is smaller than that of the resistor component or the electrostatic capacitance 
enough to be negligible. Therefore, the inductance component is omitted in equation (1). 

35 An absolute value |Z| of the impedance Z is calculated by equation (1) as follows: 



\Z\ = V 7 ! I <* 2 C 2 R 2 

40 I I uC 

In a conventional temperature detector of this type, a temperature is detected by the following means. 
That is, the impedance of a heat-sensitive wire is calculated as the absolute value |Z|, and an absolute value 

45 |l| of a current I obtained by applying a voltage E to the heat-sensitive wire is calculated. A voltage obtained 
by causing the current I to flow into the heat-sensitive wire directly or through a resistor having a known 
resistance is converted into a dc voltage, and the current or voltage is compared with a dc reference current 
or voltage obtained independently of the measured voltage or current. 

The impedance of the heat-sensitive wire will be described below in detail. 

50 The section of the heat-sensitive wire is shown in Fig. 1 . Assume that the length of a heat-sensitive wire 
1 is represented by L; the outer radius of an internal conductor 101, a; the inner radius of an external 
conductor 102, b; the specific resistance of a polymer compound 103, p; and a permitivity, e, and assume 
that a terminal effect is neglected. In this case, a resistance component R and an electrostatic capacitance 
C are obtained by the following equations: 

55 
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R - ~ x -^-log- . . . (3) 

L 2n a N 



C = — x ^ 7ie 



log* •••< 4 ) 
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On the other hand, when the heat-sensitive wire is applied to an electric blanket or the like, the flexibility 
of it is an important property. The internal conductor 101 is obtained by winding a thin wire or a conductive 
ribbon around a core made of synthetic fibers, and the external conductor 102 has the same structure as 
that of the internal conductor 101. Therefore, the outer radius a and the inner radius b of the conductors 

75 cannot be easily processed with high dimensional precision in the manufacturing - process, and the 
impedance Z and its absolute value |Z| represented by equations (1) and (2) obtained as results of the 
resistance component R and the electrostatic capacitance C represented by equations (3) and (4) are 
considerably varied. For example, when the length L is 5 m, a precision of ±30% is obtained, and even 
when the length is 10 m, only a precision of ±20% is obtained. For this reason, in practical use, after the 

20 heat-sensitive wire is cut to have a predetermined length, the cut wire is discriminated, or the cut wire is 
connected to a detector so that the cut wire is able to meet properly with its practical use. 

It is a principal of the present invention to provide an apparatus capable of eliminating the above 
inconvenience and performing correct temperature detection regardless of the dimensional precision of a 
heat-sensitive wire. 

25 It is another object of the present invention to obtain a highly accurate temperature measurement value 
using a flexible heat-sensitive wire which is susceptible to variations in dimensional precision. 
It is still another object of the present invention to achieve the principal by digital processing. 
It is still another object of the present invention to achieve the principal by analog processing. 
It is still another object of the present invention to provide a measuring circuit capable of easily 
30 performing especially digital processing. 

It is still another object of the present invention to obtain a temperature measurement value when 
temperature measurement is performed by an ac voltage without any influence of the frequency of the ac 
voltage. 

35 Disclosure of Invention 

According to the present invention, there is provided a temperature detector comprising zero voltage 
detecting means for detecting zero-cross points of an ac voltage waveform applied to a heat-sensitive wire, 
zero current detecting means for detecting zero-cross points of an ac current waveform flowing into the 
40 heat-sensitive wire, and interval measuring means for receiving outputs from the zero voltage detecting 
means and the zero current detecting means to measure an interval between the zero-cross points of the 
voltage waveform and the current waveform, wherein a temperature measurement value is obtained from an 
output from the interval measuring means. 

That is, when equation (1) is rewritten using equation (2), the following equation can be obtained: 



Z = |Z|cos<£ - ; |Z|sin</> (5) 
for 



4> = tan " 1 -^ •■• (6) 



55 Although the derivation process for these equations will be omitted, equations (5) and (6) are obviously 
obtained by the following equations: 
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cos<t> = 



R 

y/l 4- U 2 C 2 R 2 

coC 



, sin<t> = 



l/o>C 



y 7 ! + (J 2 C 2 i? 2 

0)C 



70 



tan* = = — i— 

cosq> coCR 



In addition, substitutions of equations (3) and (4) into equation (6) yield the following equation: 



75 



= tan 



log(jb/a) 27tL 



(7) 



20 



= tan" 



coep 



In this case, the specific resistance p and the permitivity e of the polymer compound 103 are constants 
respectively determined by the physical properties of the polymer compound itself regardless of the size of 
25 the heat-sensitive wire, and the angular velocity w is a constant determined by the frequency of a power 
source. Therefore, <j> represented in equation (7) has a numerical value which is independent of the size of 
the heat-sensitive wire, and the numerical value corresponds to a temperature. 

On the other hand, </> corresponds to a voltage vector E applied to the heat-sensitive wire and the phase 
angle of a current vector I flowing into the heat-sensitive wire at the time of application of the voltage E. For 
30 this reason, when the phase angle <j> is measured, highly accurate temperature detection can be performed 
regardless of the dimensional precision of the heat-sensitive wire. 

The phase angle <j> can be measured with high accuracy by measuring an interval between the zero- 
cross points of a current waveform and a voltage waveform. This interval measurement is completed 
preferably based on digital processing performed by counting clock pulses. In addition, an interval 
35 measurement value can be output as an analog amount. 

According to one aspect of the present invention, a heat-sensitive wire is obtained as follows. That is, a 
thermistor made of a polymer compound is buried between coaxial internal and external conductors, and 
they are drawn to have a linear shape. Since a specific resistance p and a permitivity e of the polymer 
compound constituting the thermistor are changed with a temperature, the temperature can be calculated 
40 from a phase angle <j> on the basis of equation (7). 

According to a preferred aspect of the present invention, a means for measuring the angular frequency 
co in equation (7) is provided to remove the influence of a change in measurement frequency. 

According to another aspect of the present invention, a pulse generating circuit is used as a means for 
detecting zero current and voltage waveforms, thereby easily performing digital processing using, e.g., a 
45 microprocessor. 

Brief Description of Drawings 

Fig. 1 is a sectional view showing a heat-sensitive wire; 
50 Fig. 2 is a circuit diagram showing a temperature detector according to an embodiment of the present 
invention; 

Fig. 3 is a waveform chart of an operation in the embodiment shown in Fig. 2; 

Figs. 4 and 5 are circuit diagrams showing main parts of a temperature detector according to another 
embodiment of the present invention; and 
55 Fig. 6 is a circuit diagram showing a main part of a temperature detector when an angular frequency is 
added to measurement factors. 

Best Mode of Carrying Out the Invention 
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The present invention will be described below with reference to the accompanying drawings. 
Fig. 2 shows a temperature detector according to an embodiment of the present invention. In this 
temperature detector, an ac power source 2 is applied to a heat-sensitive wire 1 through a protecting 
resistor 5, zero-cross points of an instantaneous voltage v applied to the heat-sensitive wire 1 are detected 

5 by a zero voltage detection unit 3, and zero-cross points of a current i flowing into the heat-sensitive wire 1 
are detected by a zero current detection unit 4. Both intervals between the zero-cross points are measured 
by an interval measuring unit 7, and an output unit 8 outputs a temperature measurement value T obtained 
by converting the measurement value measured by the measuring unit 7 into a signal having a form 
suitable for an equipment connected to the output of the output unit 8. 

w The zero voltage detection unit 3 has a detection transistor 301 , and the base of the transistor 301 is 
connected to the power source terminal of the heat-sensitive wire 1 through a resistor 303 and to a ground 
line through a diode 302. When the voltage v (Fig. 3(a)) of the ac power source 2 is in a positive half-wave 
interval, a base current flows into the transistor 301 through the resistor 303 to turn on the transistor 301 . 
When the voltage of the ac power source 2 is in a negative half-wave interval, the diode 302 is turned on, 

75 and the transistor 301 is turned off. Therefore, as shown in Fig. 3(b), a detection pulse B which is set to "0" 
level in a positive half-wave interval of the voltage v of the power source 2 and set to "1 " level in a negative 
half-wave interval thereof can be obtained from the~collector of the transistor 301 . 

The zero current detection unit 4 has the same arrangement as that of the zero voltage detection unit 3. 
The zero current detection unit 4 includes a detection transistor 401 which has the base connected to the 

20 ground terminal of the heat-sensitive wire 1 and which is clamped at an almost ground potential by a diode 
402. This transistor 401 outputs a detection pulse C from its collector in response to the ac current i (Fig. 3- 
(a)) flowing into the heat-sensitive wire 1. As shown in Fig. 3(c), the detection pulse C is set to "0" level in a 
positive half-wave interval of the current i and set to "1" level in a negative half-wave interval of the current 
i. 

25 The voltage of the commercial ac power source 2 is set in an effective value of several 10 to 100 V, 
and each of the threshold voltages of the transistors 301 and 401 and the diodes 302 and 402 is set at a dc 
voltage of 0.7 V or less. Therefore, when these threshold voltages are neglected, the zero-cross points of 
the instantaneous voltage v applied to the heat-sensitive wire 1 and the instantaneous current i flowing into 
the heat-sensitive wire 1 can be detected as leading and trailing edges of the collector voltages of the 

30 transistors 301 and 401. 

The instantaneous voltage v and the instantaneous current i are illustrated by the operating waveforms 
shown in Fig. 3. That is, in Fig. 3(a), time is plotted in the abscissa, and the instantaneous voltage v applied 
to the heat-sensitive wire 1 and the instantaneous current i flowing into the heat-sensitive wire 1 are 
indicated. The collector voltage of the transistor 301 changed to correspond to each time is shown in Fig. 3- 

35 (b), and the collector voltage of the transistor 401 is shown in Fig. 3(c). Assuming that these voltages are 
represented by logical values B and C, respectively, the phase angle <j> corresponds to an interval in which 
B.C = 1 or B.C = 1 is established. In both the intervals, the diode 302 having a polarity opposite to that of 
the transistor 301 is connected between the base and emitter of the transistor 301, and the diode 402 
having a polarity opposite to that of the transistor 401 is connected between the base and emitter of the 

40 transistor 401, thereby obtaining the instantaneous voltage v and the instantaneous current i each having 
symmetrical positive and negative components. In addition, each of all intervals between the zero-cross 
points of the instantaneous voltage v and the zero-cross points of the instantaneous current i corresponds to 
the phase angle <j> at a ratio of 1 : 1. For this reason, when convenient zero-cross points are selected, and 
an interval between the zero-cross points is measured, the phase angle <j> can be obtained. 

45 The length of the interval can be variously measured by well-known circuit techniques. In an 
embodiment in Fig. 2, a NOT element 701 and an AND element 702 cause a counter 704 to count clock 
pulses CK generated by an oscillator 703 in only an interval in which B.C = 1 is established, and the 
counter 704 is reset in an interval of C = 1 or at the leading edge of the interval. With the above 
arrangement, the length of the interval, i.e., the phase angle </>, in which B*C = 1 is established can be 

so continuously measured every hertz, thereby obtaining satisfactory response in consideration of the re- 
sponse of the heat-sensitive wire 1 . 

In another embodiment shown in Fig. 4, a NOT element 711 and an AND element 712 cause the AND 
element 712 to output a voltage in a period in which B*C = 1 is established, and the voltage is integrated 
by an integrating circuit 713 to obtain a voltage corresponding to a size of a phase angle </>. This voltage is 

55 measured by a voltage measuring unit 715 to achieve an object of the present invention. Charges 
accumulated in the integrating circuit 713 are discharged by a transistor 714 in a period of C = 1, such that 
the integrating circuit 713 prepares for the next measurement. 

In a digital processing circuit such as a counter, a signal is generally processed as a pulse shape rather 
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than as a change in level. When each of the signals B and C passes through a differential circuit, and then 
the signals are used such that the polarities of the signals are matched, the signals can be suitable for the 
above object. 

As shown in Fig. 5, a zero voltage detection unit 3 and a zero current detection unit 4 may have an 
5 arrangement in which a voltage and a current are rectified by a diode bridge 412 to be supplied to a 
transistor 41 1 . In this case, since the collector voltage of the transistor 41 1 is obtained as a pulse waveform 
at a zero-cross point, a pulse processing technique is easily applied to the collector voltage. However, a 
power source 6 for the transistor 411 and the ground line of an ac power source 2 are not easily connected 
to each other. 

w In either case, since the heat-sensitive wire is an element having a considerably high impedance, a high 
input-impedance element such as a field effect transistor is preferably used as a transistor. 

In addition to the above methods, as a method of measuring the phase angle <>, it may be suitable that 
a proper level point of an instantaneous voltage or an instantaneous current, e.g., a maximum value point, is 
measured. However, since the heat-sensitive wire has a large number of nonlinear factors, a current flowing 

75 into the heat-sensitive wire is distorted, and the shape factor of the current is changed in accordance with a 
change in temperature. For this reason, when the phase angle is measured at points other than zero-cross 
points, an increase in error of the phase angle must be taken into consideration. This current distortion has 
been neglected in the above description for the sake of descriptive convenience. However, it should be 
understood that the current distortion has been described with reference to an equivalent sine wave. 

20 As is apparent from equation (7), when the frequency of a power source is changed, the phase angle </> 
is changed as a matter of course. Therefore, although the above measurement value is changed, as is 
illustrated in Fig. 6, the measurement value can be corrected by independently measuring the length of an 
interval in which the signal B or C is set to "1 " level or "0" level. In Fig. 6, an AND element 710 causes the 
oscillator 703 in Fig. 1 to output clock pulses in an interval in which a zero voltage detection pulse B is set 

25 at "1 " level, and the clock pulses are counted by a counter 711, thereby obtaining data corresponding to an 
angular frequency a>. This data is supplied together with data of a phase angle to an output unit 8 
constituted by, e.g., a microprocessor or the like. The phase angle <j> is output from the counter 704 shown 
in Fig. 1 . Therefore, a temperature T (corresponding to the phase angle 4>) can be obtained on the basis of 
equation (7). 

30 As described above, according to the present invention, zero-cross points of the instantaneous voltage v 
applied to the heat-sensitive wire 1 and the instantaneous current i flowing into the heat-sensitive wire 1 are 
detected by the zero voltage detection unit 3 and the zero current detection unit 4, respectively, intervals 
between the zero-cross points are measured by a zero-cross point interval measuring unit 7 to obtain a 
measurement value corresponding to the phase angle <j>. By using this method, a temperature detector 

35 capable of detecting an accurate temperature regardless of the dimensional precision of the heat-sensitive 
wire can be obtained. 

Claims 

40 1. A temperature detector characterized by comprising: 

zero voltage detecting means for detecting zero-cross points of an ac voltage waveform applied to 
a heat-sensitive wire; 

zero current detecting means for detecting zero-cross points of an ac current waveform flowing into 
said heat-sensitive wire; and 

45 interval measuring means for receiving an output from said zero voltage detecting means and said 

zero current detecting means to measure an interval between the zero-cross points of the voltage 
waveform and an interval between the zero-cross points of the current waveform; 

wherein a temperature measurement value is obtained from an output from said interval measuring 
means. 

50 

2. A temperature detector according to claim 1, characterized in that said heat-sensitive wire has an 
arrangement in which a thermistor is buried between said coaxial internal and external conductors. 

3. A temperature detector according to claim 2, characterized in that said thermistor is made of a polymer 
55 compound, and said coaxial internal and external conductors are flexible. 

4. A temperature detector according to claim 1, characterized in that said zero voltage detecting means 
and said zero current detecting means comprise detection transistors having an ac voltage waveform 
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applied to said heat-sensitive wire and an ac current waveform flowing into said heat-sensitive wire as 
base inputs and having ON/OFF threshold levels which are set to zero voltage level and zero current 
level, respectively. 

5 5. A temperature detector according to claim 1, characterized in that said interval measuring means 
comprises a counter for counting clock pulses in an interval between the zero-cross points. 

6. A temperature detector according to claim 1, characterized in that said interval measuring means 
comprises an integrator for integrating a pulse having a width corresponding to the interval between the 

10 zero-cross points to form a voltage signal corresponding to a temperature. 

7. A temperature detector according to claim 1 , characterized in that said zero voltage detecting means 
and said zero current detecting means comprise a rectifier for rectifying an ac voltage waveform 
applied to said heat-sensitive wire and an ac current waveform flowing said heat-sensitive wire and a 

75 detecting transistor having ON/OFF threshold levels which are set to zero voltage level and zero current 
level. 

8. A temperature detector according to claim 1, characterized in that said interval measuring means 
includes means for obtaining a measurement value corresponding to periods (or frequencies) of an ac 

20 voltage waveform applied to said heat-sensitive wire and an ac current waveform flowing into said heat- 
sensitive wire, and characterized by comprising calculating means for calculating a temperature 
measurement value on the basis of measurement values of the periods and a measurement value of 
the interval of the zero-cross points. 

25 Amended claims 

1. (Amended) A temperature detector for detecting a temperature by applying an ac power source across 
internal and external conductors of a heat-sensitive wire, characterized by comprising: 

zero voltage detecting means for detecting zero-cross points of an ac voltage waveform applied 
30 across both said conductors; 

zero current detecting means for detecting zero-cross points of an ac current waveform flowing 
across both said conductors; and 

interval measuring means for receiving outputs from said zero voltage detecting means and said 
zero current detecting means to measure an interval between the zero-points of the voltage waveform 
35 and the current waveform; 

wherein a temperature measurement value is obtained from an output from said interval measuring 
means. 

2. (Cancelled) 

40 

3. (Cancelled) 

4. A temperature detector according to claim 1 , characterized in that said zero voltage detecting means 
and said zero current detecting means comprise detection transistors having an ac voltage waveform 

45 applied to said heat-sensitive wire and an ac current waveform flowing into said heat-sensitive wire as 

base inputs and having ON/OFF threshold levels which are set to zero voltage level and zero current 
level, respectively. 

5. A temperature detector according to claim 1, characterized in that said interval measuring means 
so comprise a counter for counting clock pulses in an interval between the zero-cross points. 

6. A temperature detector according to claim 1, characterized in that said interval measuring means 
comprise an integrator for integrating a pulse having a width corresponding to the interval between the 
zero-cross points to form a voltage signal corresponding to a temperature. 

55 

7. A temperature detector according to claim 1, characterized in that said voltage detecting means and 
said zero current detecting means comprise a rectifier for rectifying an ac voltage waveform applied to 
said heat-sensitive wire and an ac current waveform flowing into said heat-sensitive wire and a 
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detecting transistor having ON/OFF threshold levels which are set to zero voltage level and zero current 
level. 

A temperature detector according to claim 1 , characterized in that said interval measuring means for 
obtaining a measurement value corresponding to periods (or frequencies) of an ac voltage waveform 
applied to said heat-sensitive wire and an ac current waveform flowing into said heat-sensitive wire, and 
characterized by comprising calculating means for calculating a temperature measurement value on the 
basis of measurement values of the periods and a measurement value of the interval of the zero-cross 
points. 
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